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Meeting April 29, 1959 DISCUSSION ON THE SURGICAL MANAGEMENT OF CHRONIC DUODENAL ULCER Dr. Lester R. Dragstedt (Chicago):
Gastric Vagotomy for Duodenal Ulcer The therapeutic value of complete division of the vagus nerves to the stomach in duodenal ulcer depends upon the fact that this operation abolishes the nervous phase of gastric secretion, which markedly reduces the total output of gastric juice by the stomach. It also reduces the tone and motility of the stomach without causing serious complications or side-effects. The first operation was performed in January 1943, and in the intervening years we have operated on 1,400 patients with various types of peptic ulcer in our clinic by this method.
The failure of the gastric and duodenal mucosa to be digested away in normal individuals appears to demand the postulate of a local decrease in resistance, brought about by vascular impairment or other factors, if ulceration is to be accounted for by peptic digestion. The sharply punched-out character of the lesion seemed to support Virchow's suggestion of infarction of the gastric wall. The prompt recurrence of ulceration after local excision, however, casts grave doubt on this view of a decrease in resistance as the causative factor, and careful examination of resected stomachs has also usually failed to reveal evidence of vascular pathology. There is, however, good evidence that the corrosive and digestive properties of the gastric content in ulcer patients are much greater than in normal people. The key to the ulcer problem was probably provided by the demonstration that pure undiluted fundic secretion can digest all living tissues, including the wall of the stomach and duodenum, and produce ulceration exactly like that encountered in patients. When an excessive secretion of gastric juice occurs, the buffering effect of food, saliva, and regurgitated duodenal secretions is overcome and the corrosive properties of the gastric content approach that of pure gastric juice. I should like to present for your consideration the concept that peptic ulcers are usually caused by a hypersecretion of gastric juice: further, that the hypersecretion of gastric juice in duodenal ulcer patients is usually of nervous origin, and that the hypersecretion of gastric juice in gastric ulcer patients is usually of hormonal or humoral origin. OCrOBER The evidence that duodenal ulcers are usually caused by a hypersecretion of gastric juice of nervous origin may be summarized as follows:
(1) Duodenal ulcer patients usually secrete from three to twenty times as much acid in the fasting empty stomach at night as do normal people.
(2) If a hypersecretion of acid of this degree is reproduced in experimental animals, typical peptic ulcers regularly appear in the duodenum.
(3) Complete division of the vagus-nerves to the stomach abolishes this fasting hypersecretion, indicating that it is of nervous origin. It is probable that in some way the tensions and strain of modern life induce a secretory hypertonus in the vagus nerves, and in this way the central nervous system plays a role in the disease. (4) As the fasting hypersecretion in duodenal ulcer patients is abolished by vagotomy, the ulcers usually heal, and if an adequate drainage operation has been added so that stasis of food in the antrum does not occur, they remain healed.
The evidence that gastric ulcers are usually due to a hypersecretion of gastric juice of humoral origin, while not complete, is nevertheless impressive. Experimental data support the validity of Edkin's gastrin hypothesis, namely that the gastric phase of secretion is mediated exclusively by the antrum of the stomach which functions as an endocrine organ, producing and releasing a gastric secretory hormone. Factors causing the release of gastrin from the antrum have been found to be contact of the mucosa with food or the development of tension within the stomach as a result of peristalsis. Excision of the antrum reduoes the humoral phase of gastric secretion to a negligible amount, and transplantation of the antrum into the colon as a diverticulum produces a hypersecretion of gastric juice. This hypersecretion is sufficieiLt to cause the development of gastric, duodenal, or gastrojejunal ulcers in the dog, an animal that rarely develops these lesions spontaneously. It is probable that a hypersecretion of gastric juice of humoral origin occurs in man when prolonged stasis of food in contact with the antrum mucosa occurs, as a result either of pyloric stenosis or of deficient gastric peristalsis. Delayed emptying of the stomach has been found in a large proportion 6f gastric ulcer patients, and in approximately 20 % of these pyloric stenosis from a previous duodenal ulcer has probably caused hypermotility and increased tension within the antrum as well. Experimental data indicate that stasis of food in the stomach due to diminished gastric motility, such as that caused by vagotomy, can produce a hypersecretion of gastric juice of humoral origin sufficient to produce ulceration in the stomach. These concepts are in harmony with surgical experience. Resection of the antrum exerts a curative effect on gastric ulcers, even those left in situ near the cesophagus, and gastrojejunal ulcers rarely develop. On the other hand, antral resection for duodenal ulcer has been followed by a high incidence of gastrojejunal ulceration, and for this reason more extensive resections have been customarily employed. Vagotomy alone has been found ineffective in gastric ulcer patients and when performed for duodenal ulcer has in many cases caused stasis in the stomach with subsequent gastric ulcer formation.
Gastric vagotomy should be performed only in those ulcer patients in whom the nervous phase of gastric secretion is found to be abnormally great as measured by the free hydrochloric acid output in the fasting nocturnal secretion. The fasting secretion is chiefly of nervous origin. The patient is placed on a liquid diet for twenty-four or forty-eight hours to make sure there is no solid food in the stomach. An intragastric nasal tube is introduced at nine o'clock in the evening and continuous gastric aspiration made for twelve hours until nine the next morning. During this time the patient is shielded from the sight, odour, or taste of food andc usually sleeps. The volume of the gastric aspirate is then measured and its free acid concentration determined. If the volume is expressed in litres and the free acid concentration in clinical units, the product of the two gives the amount of free hydrochloric acid in terms of milliequivalents. Normal people produce between 15 and 20 mEq. of free hydrochloric acid in the fasting nocturnal secretion in a twelve-hour period. Duodenal ulcer patients may produce from 40 to 350 mEq. If the output is 100 mEq. or greater, the likelihood of medical management proving successful is remote and surgical treatment is probably indicated. Most gastric ulcer patients produce less acid in the fasting nocturnal secretion than normal people, and in these vagotomy should never be performed. There are some, however, who have had a previous duodenal ulcer, in whom the nocturnal acid output is excessive, and in these vagotomy combined with antral resection should be done. The tendency for stasis of food in the antrum to occur after vagotomy demands that antral resection or an adequate drainage procedure be combined with the operation. I have usually recommended a pyloroplasty or posterior gastroenterostomy of small size, with the stoma in the antrum close to the pylorus. Death is the worst thing that can happen to a duodenal ulcer patient, and the mortality of even low gastric resection is four to eight times greater than that of gastroenterostomy. Removal of the antrum is the most certain way to prevent gastric hypersecretion in the vagotomized stomach. I appreciate that gastric resection is being done with an exceedingly low mortality in our leading surgical clinics. However, most of the surgery for ulcer is not performed in these clinics, and this fact must be kept in mind.
Most of the persistent or recurrent duodenal ulcers in our experience have occurred in patients with incomplete vagotomy or with stasis of food in the antrum from an inadequate drainage procedure. Incomplete vagotomy is usually indicated by a twelve-hour nocturnal gastric secretion of more than 20 mEq. of free hydrochloric acid and by a positive secretory response to insulin hypoglyciemia. In a few patients persistent or recurrent ulceration associated with marked hypersecretion of gastric juice has been due to a chemical agent released by a special type of islet cell tumour of the pancreas described by Ellison and Zollinger. A gastrojejunal ulcer may form after complete vagotomy if an entero-enterostomy has been added to the drainage procedure. This diverts the alkaline duodenal secretions away from the gastroenterostomy stoma and produces a situation resembling that which obtains in the Mann-Williamson procedure for the production of experimental ulcers in animals. It is now quite apparent that even a complete vagotomy cannot be relied upon to heal or to prevent this type of ulcer in either man or experimental animals.
The ideas expressed in this brief report are summarized in the proposed classification of peptic ulcers in Table I . Mr. R. L. Holt (Manchester): Three years ago I took part in a discussion before this Section on the surgical management of uncomplicated duodenal ulcer (Holt, 1956) . At that time those of us who supported vagotomy as the most logical treatment accepted the criticism that our results had not been subjected to a sufficiently long test period. This criticism is no longer valid and a steadily mounting volume of evidence has shown that vagotomy is as effective as subtotal gastrectomy in curing duodenal ulcer and in protecting the patient from recurrent ulceration. The problem which confronts the surgeon to-day is not that of curing duodenal ulcer but of making sure that the patient in the process of being cured is restored as nearly as possible to normal, without finding himself troubled with one or more annoying symptoms which are to be found grouped together under the misleading title of the postgastrectomy syndrome. The term is misleading because the symptoms are common to most gastric operations and certainly to any in which the stomach is anastomosed to the jejunum.
At the meeting to which I have referred I reported our results in duodenal ulcer of combined vagotomy and gastrojejunostomy. The high incidence of cure of the original ulcer and the low incidence of recurrent ulceration which were apparent in those results (Table I) appreciably altered during the succeeding years. Only one additional case of stomal ulceration has occurred. Stomal ulceration is becoming rare in the Manchester area. In the past eight years only 19 cases of stomal ulceration have been admitted to my unit. Of these, 14 followed a posterior gastrojejunostomy and 5 a Polya type gastrectomy. This is a small number in an area in which duodenal ulcer is very common.
Simple vagotomy is an unsatisfactory operation because of the hypotonicity of the stomach and the resultant gastric retention. When combined with gastrojejunostomy, pylorectomy, or pyloric antrectomy, the results of vagotomy in the treatment of duodenal ulcer challenge and in my opinion are superior to those obtained from subtotal gastrectomy. The important question is: which is the best combination of these procedures? A comparison between the usual type of Polya gastrectomy and a vagotomy combined with a gastrojejunostomy shows that the results of both operations are very good. There is nothing to choose between the two in the cure of the duodenal ulcer and the incidence of stomal ulceration, but there is a slight but definite advantage in favour of vagotomy and gastrojejunostomy when the incidence of post-operative sequelk is considered. Both operations have in common the complications which follow an anastomosis between the stomach and jejunum. The complications classified under the heading of the postgastrectomy syndrome are: Obstruction at the stoma, diarrhoea, undernutrition, anemia, postcibal vasomotor disturbance, hyper-and hypoglycimia, biliary regurgitation. In at least 5 of these 7 complications the main aetiological factor is the rapid emptying of the stomach into the jejunum and the rapid transit through the small intestine of undigested and hypertonic food. X-ray examination shows that a large fraction of a meal may leave the stomach within one minute of being ingested and may reach the ascending colon in twenty minutes.
In 1956 I suggested that to avoid these complications the gastric contents should pass into the, duodenum rather than the jejunum, and that vagotomy should be combined with what I called "anterior pylorectomy". There is nothing original about this procedure which is identical with the operation described by Beattie (1950) . In Table II are listed the minor sequelk following vagotomy and gastrojejunostomy, and in Table III , for comparison, those following the first group of 65 cases of vagotomy and anterior pylorectomy. The results are short-term since none of them is over six years and some only three years. But in my opinion this combination of vagotomy and anterior pylorectomy is much the best treatment for duodenal ulcer. I have done over 150 operations with only one death and that from a pulmonary embolus, so that it is a safe operation. There has been so far no proven case of recurrent ulceration. I have reoperated on 2 patients with an incomplete vagotomy who were complaining of epigastric pain and they are now restored to normal health. I have had to re-operate on 2 patients who subsequently developed a pyloric stenosis due to a technical fault in the early cases and these too are now completely cured. There has not been, apart from the 4 cases already mentioned, any case in which there have been any serious complications. Equally encouraging is the very low incidence of minor sequels. Bilious vomiting, which was our most troublesome complication after vagotomy and gastrojejunostomy, has almost disappeared. The cases of diarrhoea reported amount to no more than an occasional looseness of the stools. The results in our previous series of vagotomy and gastrojejunostomy were very good. Those of vagotomy and anterior pylorectomy are better. Even in our women patients they are good, for four of the complications occurred in 2 women whose symptoms were probably menopausal. If these results are as good in another five years as they are now we need not worry much more about the treatment of duodenal ulcer. The most convincing evidence of the value of this operation is how well the well patients are. There is no reserve about occasional digestive disturbances; they are restored to normal health. They are eating what they choose, as much as they want, smoking and drinking and working at their old jobs with no loss of time. I have never seen a more satisfied group of patients after a gastric operation. What I am certain of is that vagotomy is at least equal to subtotal gastrectomy in curing duodenal ulcer and preventing subsequent ulceration and that combined with an anterior pylorectomy it provides a very low incidence of subsequent symptoms. Before the Second World War, I was satisfied that subtotal gastrectomy was the best standard treatment for duodenal ulcer, and I regarded the various discomforts and disabilities that patients suffered afterwards as the price paid for the elimination of ulcer pain and the risks of hemorrhage and perforation, but on my return from the Services in 1946 when I read the reports of the vagotomy operations I was so impressed that in November 1947 I decided to treat all my patients with chronic duodenal ulcers by vagotomy with or without gastroenterostomy. Naturally each patient so treated was carefully assessed and individually scrutinized by myself as I was always ready to revert to gastrectomy if the results were not as good as those to which I was accustomed. It was soon obvious that vagotomy by itself, in the patient, whose ulcer demanded surgery, was not sufficient and gastroenterostomy became an essential part of the operation.
Since November 1947 I have not performed a gastrectomy for chronic duodenal ulcer alone, except in massive hiamorrhage requiring emergency gastrectomy.
From November 1947 to December 1958 I performed 1,147 vagotomy operations for chronic duodenal ulcer and marginal ulcer. There were 5 deaths. All other patients left hospital alive and well.
During 1957 and 1958 we studied the first 661 consecutive vagotomy and gastroenterostomy operations in this series performed in 4 hospitals in Newcastle and Gateshead up to 1955. This survey was carried out entirely by my Registrars Mr. J. Oldfield and Dr. W. E. Suffield who examined each patient. This was a deliberate policy on my part because I believe it is difficult for the surgeon who has performed the operation to get factual information at a follow-up as his patients are usually so grateful to him and anxious to please that they often minimize or suppress symptoms. I do not think that postal questionnaires are nearly so satisfactory as an individual interview. Tables I-VII show the sort of results that are being obtained in chronic duodenal ulcers treated by vagotomy and posterior gastroenterostomy. The ten-year follow-up is now being continued.
My present view is that this operation is the best treatment for all chronic duodenal ulcers requiring surgery. The operation is a safe one; it is no more difficult but may at times be more tedious than a gastrectomy. It is completely successful in a high proportion of patients, enabling them to enjoy normal meals without discomfort and without other unpleasant sequel1 of gastrectomy. If the operation is unsuccessful, perhaps due to incomplete vagotomy or some mechanical cause, a partial gastrectomy may then be performed.
Mr. Harold Burge (London):
I wish to put before you the ten-year results of vagal nerve section for chronic duodenal ulceration. The five-year and eight-year results of these series have already been published (Burge and Clark, 1959) . No case has been followed for less than nine years, and the majority for ten to twelve. Table I shows the important features in the series of vagotomy with gastroenterostomy, and Table II in the series with vagotomy and pyloroplasty. From this, it will be seen that even with an incomplete nerve section rate of probably 30%, the proved recurrence rate at ten years in both series is about the same, or a little greater than after subtotal gastrectomy. We may conclude that, given complete nerve section. the recurrence rate is very low. It is interesting to find ourselves believing that a properly performed vagotomy carries a lower recurrence rate than subtotal gastrectomy. The incidence of gastric ulceration at ten years after vagotomy is very low, being 0 7% in vagotomy and gastroenterostomy, but 2-3 % in vagotomy and pyloroplasty. 4-7% of the pyloroplasty series came later to operation for stenosis, and usually more than five years post-operatively. It was in these cases that gastric ulceration seemed to occur. Such stenosis appears to have arisen from the faulty choice of pyloroplasty in the presence of duodenal stenosis or from the operation of pyloroplasty alone. I have no figures for the operation of pylorectomy.
I will not discuss here the test which has been described for proving complete nerve section during operation (Burge and Vane, 1958 ) except to say that by its use nerve section need never be incomplete.
The only disturbing feature of the operation of vagotomy with gastric drainage has been the incidence of diarrhoea with pale fatty stools. This led us to compare the incidence of diarrhoea in cases of complete vagal nerve section with selective vagotomy preserving the coeliac division of the posterior nerve. From our studies, we have concluded that the preservation of this nerve is important and indeed an essential part of vagotomy.
We must conclude that if our ten-year figures are true, and clearly they are, and if incomplete nerve section need never be done, and it need not, and if post-vagotomy diarrhoea, can be prevented, and we think it can, then no case can be made out for subtotal gastrectomy for chronic duodenal ulceration.
Mr. Norman C. Tanner (London):
There is a tendency, particularly in ulcer surgery, to vary one's opinions on the treatment according to the well-being or otherwise of the last patient seen. I have vagotomized and gastrectomized patients who serve petrol at different garages around my hospital. They are fortunately all very well and when I reach hospital after a "fill-up" I have an emotional desire to treat that day's cases with the same operation that I had used on the last petrol attendant I saw. Such methods, I am afraid, are unscientific and we must revert to making up our minds on the combination of a late followup of cases, with an overall mental assessment of the operation.
How can we decide between two operations even after a follow-up? If we 'compare the state of well-being of our successes, then undoubtedly the most successful is simple gastrojejunostomy, but this operation is indefensible because of the high stomal ulceration rate. In a ten-year follow-up of 126 cases, we had a 50% stomal ulcer rate. There is not much to choose between the state of well-being of a successful vagotomy and a successful gastrectomy. Perhaps the former have a heavier average weight, but the return to what the late Dr. Arthur Allen called the "college weight" of some gastrectomies may be cardiologically beneficial. Comparing the persistent duodenal or the stomal ulceration rate, gastrectomy has an advantage over vagotomy. What about the bad results not due to recurrent ulcer? In both series lie those badly selected for surgery, and there is little to choose between them. There is little to choose between troublesome diarrhoea and severe dumping, but fortunately both in our experience are unusual. Tables I and II give the results of a follow-up of cases operated on by many surgeons-consultants, registrars and certain senior house surgeons at St. James' Hospital. These figures were worked out by Dr. Brian Swynnerton (vagotomy results) and Mr. A. M. Desmond (gastrectomy results).
From these figures, gastrectomy would still seem to be a very satisfactory operation.
I carried out my first partial vagotomy in 1943. In 1947, we began to combine complete vagotomy with pyloroplasty and in 1948 the addition of a pyloroplasty became routine. We did, however, add a gestrojejunostomy to some cases and a follow-up in 1955 showed that the results of vagotomy combined with gastrojejunostomy were on the average superior to those obtained by its combination with pyloroplasty, except for the slightly greater technical difficulty of dealing with a gastrojejunal ulcer rather than a persistent duodenal ulcer. In 1940-43, I began to employ what I called an anterior juxta-pyloric gastrojejunostomy for duodenal ulcer (Tanner, 1946) and in 1953 we made a ten-to twelve-year follow-up. A ten-year follow-up showed for orthodox posterior gastrojejunostomy a 50% stomal ulcer rate, for posterior juxta-pyloric gastrojejunostomy a 64% stomal ulcer rate and for anterior juxta-pyloric gastrojejunostomy a 26% stomal ulcer rate. The anterior juxtapyloric operation is the easiest of the three to do and, perhaps just as important, it is easy to undo. In 1953, therefore, we began to combine vagotomy with our most successful long-term form of gastrojejunostomy and that is the combination we now use.
Finally, let me add one or two recommendations. I believe vagotomy is desirable for the patient with active or quiescent pulmonary tuberculosis, or for a patient who is grossly underweight for some non-ulcer cause. It is also reasonable to use when each ulcer breakdown is preceded by a definite period of anxiety. For some five years the "maximal" histamine response (Card et al., 1955) has been used as a measure of the potential acid output of the stomach, and it has been found to be a useful guide to the selection of the correct procedure for each individual patient with duodenal ulcer. . 14 7-7 06-19 8 31-1 7-7-82-0 (c) Dyspepsia, but no ulcer 8 1-5 0-14-0 4-7 0-3-11-3 From Bruce et al. (1959) . By kind permission. Table I illustrates the range of values obtained by this test in normal subjects, patients with duodenal ulcer, and patients with recurrent ulceration. It shows that in duodenal ulceration the mean acid output is nearly double that of the normal stomach, and individual cases may show much higher levels of secretion than the mean. It also shows that in the case of jejunal ulceration following gastroenterostomy or gastrectomy, the operation has not reduced the acid output to anything like normal.
In 4 patients from the Gastro-Intestinal Unit who developed jejunal ulcer after gastrectomy, the pre-operative acid secretion was so high that a standard gastrectomy failed in its purpose and the post-operative acid output remained well up in the ulcer-provoking range, and jejunal ulceration followed within two years (Table II) . Vagotomy will reduce the acid secretion of the stomach by two-thirds to three-quarters. The reduction affects both the basal acid secretion and the response to histamine stimulation. The reason for the latter effect is not fully understood but it may be related to altered blood flow. Table III shows the correlation between the level of acid secretion in response to histamine stimulation and in response to insulin-induced hypoglycwmia before and after vagotomy and gastroenterostomy. The mean reduction achieved amounts to 70'8 % in relation to "maximal" histamine stimulation and 76-1 % with the insulin test, and a vagotomy may be said to reduce the acid output by over two-thirds. A standard gastrectomy, removing about twothirds of the stomach, will also reduce the acid secretion by about two-thirds, and it can be seen that in this group of patients the majority would have been protected by either procedute, and the choice of operation is a matter of personal preference. It is in the group of high secretors that these operations may fail, and we take the figure of 50 mEq. HCI in the first post-histamine hour as the level above which jejunal ulcer is likely to occur. For these patients we prefer to reinforce a standard gastrectomy by the addition of vagotomy, and so reduce the acid output by up to 90 % of the pre-operative level. The last patient (014295) in Table III is in this group. A vagotomy and gastrectomy was indicated but owing to serious haemorrhage from the inferior phrenic vein during the vagotomy, a gastroenterostomy was made in preference to gastrectomy, to shorten the duration of the operation. It is anticipated that a jejunal ulcer may develop sooner rather than later.
In the Gastro-Intestinal Unit it is our practice to use gastroenterostomy alone in some elderly pyloric stenotics, and vagotomy and gastro- enterostomy for women, youths, and adult or elderly males in whom other factors weigh against gastrectomy. We still believe that gastrectomy is the best operation for the average male, with a moderately high acid output, while in the high secretion group, over 50 mEq./hr., a standard gastrectomy reinforced by a vagotomy is preferred to an excessively high gastrectomy.
While the mortality from vagotomy and gastroenterostomy is low, the diarrheea which may follow it, and which is not invariably relieved by sublingual Mechothane, is of sufficient frequency to be considered a disability when comparing this operation with gastrectomy. It is comforting, however, to know that the acid reduction obtained by vagotomy and gastroenterostomy is comparable with that achieved by gastrectomy, and that the angry inflamed duodenum, or the chronic penetrating ulcer, need no longer be a challenge to the intrepid surgeon: a vagotomy and gastroenterostomy will do all that the gastrectomy would have done without the risks associated with a difficult duodenal dissection.
Should a jejunal ulcer appear later, and a gastrectomy be required, the duodenum would be found to be quiescent and the operation relatively straightforward.
Professor R. B. Welbourn (Belfast): I wish to draw attention to a type of peptic ulceration in which conventional gastric surgery is often useless. I refer to the Zollinger-Ellison syndrome, which Dr. Dragstedt has already mentioned. -This consists of (1) a fulminating peptic ulcer diathesis; (2) gross gastric hypersecretion (2 to 6 litres of highly acid juice in twelve hours); and (3) a tumour or tumours of the pancreatic islet cells which do not secrete insulin. The syndrome is rare, but since it was described four years ago many examples of it have been recognized.
The ulcers are often multiple and in unusual sites. Many of them are below the ampulla of Vater and some in the jejunum. They are very liable to serious complications and they recur rapidly after normally adequate surgery. Many patients have had numerous operations and most have died from the complications of peptic ulcer.
The gastric juice is rich in pepsin, suggesting a vagal origin, but the hypersecretion persists in an astonishing way after complete vagotomy, even when it is combined with high gastrectomy. When the tumours are well differentiated the alpha cells of the islets, which can be recognized by special staining, predominate.
The treatment which Dr. Zollinger recommends for the ulcer is a total gastrectomy. This policy has been followed in several cases recently with striking success. It is possible that the tumours in some way cause the hypersecretion and the ulceration, for a few cases are on record in which removal of the tumour has cured the ulceration after several operations on the stomach have failed to do so. It seems reasonable, therefore, to do a subtotal gastrectomy and vagotomy (instead of a total resection) if, and only if, it is reasonably certain that all the tumour tissue has been removed. REFERENCE ZOLLINGER, R. M., and ELLISON, E. H. (1955) Ann.
Surg., 142, 709.
Professor Andrew W. Kay (Sheffield): In attempting to assess a surgical procedure in the treatment of duodenal ulcer, it is difficult to exclude an element of bias. The first point I wish to make concerns a method of trial which permits an unprejudiced assessment of the value of various surgical procedures.
In 1955, in Professor C. F. W. Illingworth's Unit in the Western Infirmary, Glasgow, we decided to institute a controlled trial in which male patients aged 20 to 65 years with uncomplicated duodenal ulcer were treated by one of three procedures-gastrojejunostomy, gastrojejunostomy with vagotomy, and partial gastrectomy. At operation, unless gastrectomy or vagotomy was precluded for technical reasons, the particular operation to be done was determined by random selection. There were 20 patients in each group; the groups did not differ significantly in respect of age, duration of ulcer symptoms or pre-operative maximal acid output as judged by the augmented histamine test.
Vagotomy was performed by the abdominal route; gastrectomy was of the Polya type and posterior gastrojejunostomy was made with a short isoperistaltic loop and a small stoma close to the greater curvature at its most dependent point. There were no operative deaths and no significant difference in the duration of stay in hospital following operation. All patients have been seen at three months, six months, one year, two years and three years after operation and graded according to the severity of their postoperative symptoms by an observer who was unaware of the operation performed (Table I) .
The results of the three-year follow-up are shown in Table II. 3 patients have died, the cause of death in each case being unconnected with ulcer disease; one patient emigrated and was well when last seen two years ago. If Groups III and IV are taken together (patients with troublesome symptoms and those regarded as complete failures) it will be seen that 6 had bad results after gastrojejunostomy, whereas only 2 had poor results from gastrojejunostomy plus vagotomy, and 1 from gastrectomy.
The results of this pilot study confirm the growing belief that gastrojejunostomy alone has no longer a place in the routine management of patients with duodenal ulcer. It appears, however, that the addition of vagotomy protects the gastrojejunostomy stoma and a large trial comparing the results of vagotomy with those of partial gastrectomy has since been undertaken in Glasgow using similar random methods of selection and follow-up.
While it is desirable that the available procedures be evaluated by some such method as I have indicated, this approach seems to be based on the assumption that a single procedure will prove eventually to be the most effective one for all patients with duodenal ulcer. Perhaps more attention should be paid to the objective of selecting the operation for the individual case. In support of this view I offer some preliminary results for which I am indebted to my former assistant (Mr. James McArthur) and my present assistant (Mr. Iain Gillespie), who have been responsible for this investigation.
It is well known that vagotomy reduces the gastric acid output as measured by the spontaneous secretion, the nocturnal secretion and the response to small doses of histamine. The precise reduction in acidity has been difficult to determine since none of these tests can be relied upon to give consistent results when repeated in normal subjects. Reproducibility is, however, one of the main advantages of the augmented histamine test and we have now applied this test before and after vagotomy with gastrojejunostomy to over 50 patients. We have found that, while the majority of patients have a reduction in maximal acid output of well over 50%, a proportion (approximately 15%) have a reduction of considerably less than 50%. It could of course be argued that in this small group of patients vagotomy was incomplete, and it is now our practice in Sheffield not only to perform the augmented histamine test but to note also the influence of medical vagotomy on this response before operation. Satisfactory medical blockade can be achieved by giving hexamethonium and atropine in combination by intramuscular injection (Fig. 1) 1. -Effect of "medical vagotomy" on maximal histamine acid output. The continuous line represents the response to the augmented histamine test in a patient with duodenal ulcer; the broken line shows the reduction in this response from previous administration of hexamethonium (50 mg.) and atropine (0-325 mg.). we have been able to show that patients having a poor reduction in maximum acid output to medical vagotomy will also have a poor response to surgical vagotomy (Table Ill) . It is fully appreciated that these tests provide a physiological assessment of the operation only, and we await the clinical follow-up of vagotomy in such patients with great interest since it seems to us that they would have been managed more correctly by partial gastrectomy. '40 843 I would like to express my thanks to Mr. A. P. M. Forrest of the Department of Surgery, Glasgow University, for providing me with the -most recent follow-up results of the controlled -trial and also to Mr. James McArthur who will -shortly publish his paper comparing medical blockade and surgical vagotomy on maximal gastric acid secretion.
Mr. R. H. Franklin (London):
On the whole the results of partial gastrectomy for duodenal ulcer are satisfactory. Some of the -so-called postgastrectomy symptoms are due to the patient trying to eat too large a meal before the stomach has had time to become adapted to the results of the operation. Failure to gain weight is sometimes due to the fact that the patient was overweight before the operation. It is, of course, recognized that occasionally a patient will become extremely thin as a result of the gastrectomy and this may be a handicap, particularly in a patient who is doing hard physical work.
There are one or two complications of vagotomy which have not been referred to. Occasion--ally a hiatus hernia develops following an abdominal vagotomy. Symptoms of this may ultimately prove to be more severe than the symptoms of the original duodenal ulcer. Damage to the oesophagus can also occur. Reference has been made to the possibility of carrying out a partial gastrectomy at a later date should the vagotomy not prove satisfactory. The difficulty about this, apart from the undesirability of carrying out two operations unless it is absolutely necessary, is that the gastrectomy may be extremely difficult owing to the adhesions which may form as the result of the vagotomy. When dealing with patients of middle age in whom one expects a good result from a partial gastrectomy, my own preference is to carry out a partial gastrectomy in the first instance and to resort to a transthoracic vagotomy in the few patients who develop a jejunal ulcer. The procedure of vagotomy, together with pyloroplasty or some other form of drainage operation on the stomach, should be reserved for the following patients:
(1) Very young patients who have failed to respond to a medical regime; (2) Cases in which the duodenal ulcer involves a "dangerous" part of the duodenum where resection might involve risk of damage to the bile ducts or present extreme difficulty in closure of the duodenal stump; (3) Patients at the other end of the scale in whom the ulcer is so small that it is difficult to justify carrying out a partial gastrectomy.
Professor C. A. Wells (Liverpool): I am surprised that so much emphasis has been laid by previous speakers upon the incidence of stomal ulcer which I regard as largely a thing of the past. However, if surgeons continue to practise gastroenterostomy and Billroth I pro cedures in duodenal ulcer, they must expect to get the same incidence of this complication as was noted by earlier operators fifteen, twenty and more years ago. In particular, I would condemn simple gastrojejunostomy in pyloric stenosis; the fact of there being stenosis is ample proof of the activity of the ulceration and a sure promise that when stasis is relieved hyperacidity will return. Such cases are amongst those most likely to lead to stomal ulceration. Gastrectomy or short circuit with vagotomy is the procedure called for.
In nmy own modification of the Billroth I procedure, after vagotomy, a wide stoma is made between the remaining stomach and the duodenum, without disturbance of the ulcer. The operation has the virtue of safety. It has, however, been disappointing to find after 100 hemigastrectomies with vagotomy and this type of anastomosis that dumping, although only half as frequent as in a similar series of Polya operations, is still troublesome. By limiting the resection to the pyloric antrum it promises to be possible to reduce the incidence of this complication still further. We are currently running, by random choice, a fully controlled comparison between gastroenterostomy and gastroduodenostomy, with vagotomy in both cases, but it is too early to report. There seems much to be said for tests of this character as the only reliable way of detecting minor differences between the results of two permissible and nearly comparable procedures.
The third point I wish to make is that the result of a good operation may be spoilt by gastro-cesophageal reflux if hiatal hernia is not excluded at the time of operation or if it is produced by clumsy performance of vagotomy by the abdominal route. After this procedure the normal gastro-aesophageal angle should always be restored and the hiatus sutured if necessary. Coincident duodenal ulcer and hiatus hernia may, with advantage, be treated by vagotomy, antrectomy and ante-colic Roux anastomosis in Y (Wells and Johnston, 1955) .
Finally, in stomal ulceration following any procedure, if the stoma is working well the best operation is usually vagotomy by the thoracic route. This is a safe and simpleprocedure in which the operator is not tempted to carry out further surgery on the stomach which can easily land him and his patient in grave trouble. Cured, 68 Y.: Those really free from dyspepsia, or so improved as to be able to live a full life.
Much improved, 16-5 %: Those so much better than before that they can work fully, but still have to restrict themselves in diet.
Failed, 11 5 %: About half of these have never been satisfactory from the beginning: the other half developed dyspepsia again after several years of good health.
Brookes and Waterhouse have taken the following points into consideration: (1) Polya versus Billroth I. (2) Major resection versus minor resection, i.e. more than or less than twothirds of the stomach removed. Thus: They also enquired into any significant differences between antecolic and retrocolic reconstruction and between using a valve or no valve, and concluded as follows:
(1) For duodenal ulcer there is no difference between the Polya and Billroth I operations.
(For gastric ulcer, the Billroth I operation gave significantly better results.)
(2) In men, the more limited resections gave better results, whether Polya or Billroth I.
(3) In women, the antecolic type of reconstruction gave significantly better results than the retrocolic operation.
(4) Valves had no advantages in the Polya operation for duodenal ulcer.
Based on these facts, and as a result of a study of failed cases, my general views are now as follows:
(1) It is essential to be sure of the patient's psychological stability before deciding on operation.
(2) Apart from complications, it is better not to operate too early after the development of dyspepsia. The patient should learn by experience what a duodenal ulcer really means to him before he is offered surgical treatment, which itself might leave minor discomforts. I think two years is about right.
(3) In patients aged about 45 years or more, I resect no more than two-thirds of the stomach, and more often only half, and then add an infradiaphragmatic vagotomy. The dumping syndrome, though sometimes due to subtle metabolic factors, is commoner after major resections, i.e. those leaving a small reservoir.
In young patients (under 30 years), I perform vagotomy and a retrocolic gastroenterostomy to the antrum, using that part of the jejunum that lies against it: this means a loop of no more than 1 or 2 in. (2 5 or 5 cm.), sometimes none.
(4) In tuberculous patients of any age, in whom it is important not to lose weight, a vagotomy and gastroenterostomy are used.
(5) In the antecolic operation, the loop should not exceed 4 in. (10 cm.). The gap between the anastomosis in front and the transverse colon behind should be closed with stitches.
(6) In retrocolic partial gastrectomy there should be no loop.
(7) In any of the techniques the stomach and jejunum should be joined together in such a way that there are no twists, kinks or redundant loops. Mr. G. E. Moloney (Oxford): A series of 103 Billroth I operations with approximately two-thirds resection produced better functional results than my Polya operations for duodenal ulcer. But a high recurrence rate of 7 % induced me, in 1951, to add vagotomy to the Billroth I procedure and to reduce the resection to hemigastrectomy, and a little later to reduce it still further to antrectomy only, hoping by these two measures to prevent both recurrent ulceration and the small stomach syndrome. These objects appear to have been achieved. I have now performed vagotomy and antrectomy with gastroduodenal anastomosis over 200 times (all followed-up with four exceptions) with 100 operated on more than four years previously and with no recurrences revealed on follow-up. The capacity for food is much better with gastric resection limited to antrectomy, and after two years almost all patients make no complaints about capacity. Weights are well maintained and, after six months, fluctuation appeared to be independent of the operation. Dumpers are rare being only two, one mild and the other moderate. Bile vomiting, a symptom found by Mr. R. L. Holt to be troublesome with gastroenterostomy and vagotomy, occurred in the recumbent position in two patients who were found to have small hiatus weaknesses, and also slightly in two others of the 100 patients operated on four years previously. Bowel function after vagotomy has been criticized from the aspect of looseness, though no one has commented that some patients become constipated. Analysis of bowel function in the 100 patients operated on more than four years previously is as follows: Several patients are grateful for losing their constipation as well as their duodenal ulceration. Many people who have never had duodenal ulceration are much the same as these patients in respect of their bowel function. Achlorhydria, which occurs in 4% of the population and is responsible for the loose bowel actions in some people, is the probable cause of this symptom when it follows gastric surgery. If any blind loops remain such as the duodenum after gastroenterostomy or the Polya operation, loose bowel actions are liable to be worsened. The patients' opinions of their results in those 100 who had had the operation more than four years previously were excellent in 80 % and good in 20%.
How dangerous is the dissection of duodenal ulcers? My experience in round figures is of over 300 resections with gastroduodenal anastomosis (100 Billroth I procedures and 200 antrectomy and vagotomy with gastroduodenal anastomosis) and these include all my operations for acute heematemesis and melena. The only patient of these 300 whose death could be attributed to the dissection of his ulcer developed acute heemorrhagic pancreatitis after a large ulcer penetrating deeply into the pancreas had been resected. Since 1951 I have found it advisable to perform only eight Polya operations because of the position of the ulcer or the build of the patients. Nowadays for particularly difficult duodenal ulcers or for distal ones near the bile duct papilla I would prefer to do gastroenterostomy and vagotomy and see how things go. But, for most duodenal ulcers, dissection and freeing of the ulcer is not difficult and the subsequent gastroduodenal anastomosis gives the most complete form of pyloroplasty, the whole pylorus going and not just the anterior portion as some advocate. It is not necessary to dissect far beyond the ulcer and if there is enough to close as in the Polya operation there is enough to anastomose as a gastroduodenostomy, and with a small gastric resection there is plenty of stomach to make ends meet without any tension on the anastomosis.
The main points in favour of this are: concomitant ulceration which occurs in 10-20% of patients is dealt with by this operation which also gives almost complete immunity from recurrent gastric or duodenal ulceration; bile vomiting and dumping are less than with gastroenterostomy and vagotomy or the Polya operation; if the duodenum is markedly distorted it is easier and better to resect the ulcer and to make a fresh anastomosis of the lumen than to attempt a difficult pyloroplasty; resection would appear the best way to secure a bleeding ulcer; leakage at an end-to-end anastomosis is less dangerous and can be treated by aspiration as with perforated duodenal ulceration, whereas leakage of a duodenal stump is likely to occur freely into the peritoneal cavity and is not influenced by gastric aspiration; no blind loops remain with the passage of food through the duodenum, and digestion and fat absorption are aided by the proper mixing of the bile and pancreatic juices with the food.
Professor 
